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NOTICE

The contents of this report reflect the views
of the Office of Transportation Laboratory
which 1is responsible for the facts and the
accuracy of the data presented herein. The
contents do not necessarily reflect the
official views or policies of the State of
California or the Federal Highway
Administration. This report does not
constitute a standard, specification, or
regulation.

Neither the State of California nor the United
States Government endorse products or
manufacturers. Trade or manufacturers' nanes
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essential to the object of this document.
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CONVERSION FACTORS

English to Metric System (SI) of Measurement

English unit Multiply by
inches {in)or("} 25.40
02540
feet {ftlor(") .3048
miles (mi) 1.609
square inches (in2) 6.432 x 1074
square feet (ft2) 09290
acres L4047
gallons {gal) 3.78%
cubic feet (ft3% .02832
cubic yards (yd3) .7646
cubic feet _per
second (ft3/s 28.317
gallons per
minute {gal/min) .06309
pounds {1b) .4536
miles per hour (mph) 3470
feet per second (fps) .3048
feet per seccgd
squared {ft/s<) .3048
acceleration due to
force_of gravity (G) 9.807
(ft/s?)
(16/£t3) " 16.02
pounds {1bs) 4,448
(1000 1bs) kips 4448
British thermal '
unit (RTU) 1055
foot-pounds (rt-1b) 1.356
foot-kips (ft-k) 1356
inch-pounds (in-lbs) .1130
foot-pounds (ft-1bs) 1.356
pounds per square
inch (psi} 6895
pounds per square
foot (psf} 47.88
kips per square
inch square root
inch {(ksivin) 1.0988
pounds per square
inch square root
inch {psivin) 1.0988
degrees (°) n.0175
degrees +F - 32 = +C
fahrenheit (F) ] 1.8
parts per million (ppm) 1

j

To _get metric equivalent

millimetres (mm)
metres {m)

metres (m)
kilometres (km)
square metres (mz)
square metres (m=)
hectares (ha)
litre (1)

cubic metres (m3\
cubic metres (m?)

litres per secnnd 1/s)

litres per second (1/s)
kilograms (kq)
metres per second (m/s)

metres per second (m/s)

metres per sgcond
squared (m/s<)

met.res pér sscond
squarad (m/s¢)

kitograms psr cubic
metre (kg/m”)

newtons (N)
newtons (N)
joules (3

joules ()
joules (I}

newton-metres (Mm)
newton-metres {Nm)
pascals (Pa}

pascals (Pa)

mega pascalsvmetre [(MPa m)

kilo pascalsvmetre (KPa m)

radians (rad)

degrees celsius (°C)

mitligrams per kilogram {mg/kg)
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PROBLEM STATEMENT

Three models that predict pollutant loads in highway runoff have
been developed by FHWA funded research. These models have had
little or no testing to determine their applicability to
cismontane regions of California. (Cismontane California is that
part of California west of the main Sierra Crest as opposed to
the deserts.) A thorough knowledge of the current models is
necessary if one or more of the models will be adopted or
modified for use in the enviromental process.

INTRODUCTION AND BACKGROUND

Water runoff from highway surfaces has the potential to carry
harmful pollutant loads to nearby water sources. Therefore,
models that forecast pollutant loads in highway runoff have been
developed by various agencies. This research paper applies the
models developed by the Federal Highway Administration (FHWA) (1)
California State Department of Transportation (Caltrans) (2),(3),
and the Washington State Department of Transportation (WSDOT) (4)
to test sites (5) in Sacramenﬁo, California.

Pollutant loads in highway runoff from three different storm
sizes are predicted. The maximum design storm, an average storm,
and a light storm with minimal runoff are applied to two
different urban highway test sites. Predictions are made for
each storm size using FHWA, Caltrans, and WSDOT models for
forecasting pollutant loads.

One possible mitigation measure which will reduce the
concentration of pollutants in highway runoff is vegetated
channels. Vegetated ditch surfaces lower pollutant
concentrations by reducing the velocity of runoff, enhancing
sedimentation, filtering suspended solids, and increasing
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‘infiitration. The University of Washington has developed an

empirical table of pollutant treatment efficiencies for various
lengths of vegetated channels. (See Appendix A) This is applied
to the sites and situations described in the previous paragraph
to predict pollutant concentration reductions for the test sites
with vegetated drainage ditches.

The two test sites are located along westbound U.S. 50. Refer to
Appendix B on pages B-1 to B-5 for site details and location map.
At each test site, three samplers are situated along the drainage
channel. The first sampler is located at the outlet culvert
entrance which initially drains runoff into the channel. A
second sampler is placed approximately midway through the
channel. The final sampler is located at the end of the channels
to determine pollutant levels in the runoff as it is released to
receiving waters. Data on the effects of vegetated channels from
University of Washington studies are combined with the three
runoff models individually to estimate pollutant concentrations
at the three sampler locations. Refer to Appendix B for details
on sampler locations.

OBJECTIVE
The purpose of this research-was to determine what pollutant
loads that each of the models will estimate for typical
cismontane California freeway locations.
CONCLUSTONS AND RECOMMENDATIONS
- It is recommended that the predicted pollutant concentrations

given in this report be compared to field measurements from the
test sites.

wivw.laslio.com
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~ The general trend found through application of the models to

the Howe and Watt Avenue test sites is as follows:

HOWE AVE WATT AVE
FHWA: concentrations fall between CALTRANS and WSDOT levels
CALTRANS: lowest concentrations highest concentrations
WSDOT: highest concentrations lowest concentrations

The pollutant loads predicted by the WSDOT and FHWA runoff
models do not fall within the 95% confidence limits of the
Caltrans model.

The WSDOT runoff model cannot be used in California due to
geographical and climatic differences between the two states.

The FHWA model is too general and did not give consistent
results when the model was applied to two similar test sites.

It is recommended that a study be done which applies the runoff
models on an annual basis rather than to single storm events to
determine if the models show more consistent trends on a long-

term basis.

The Caltrans model should be further examined to determine if
it is too site-specific to accurately predict pollutants in
general locations as indicated by the inconsistent trends noted
previously. '

Currently, the only data on pecllutant reduction due to
vegetated channels are from WSDOT. These data are applied to

www . fastio.com
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all three models in this report. These data may not
necessarily be accurate for the Caltrans and FHWA models.

= All models should be further examined to determine if all three
models oversimplify a complex system, thereby giving unreliable
results.

BENEFITS

This research report will assist enviromental personnel in
selecting an appropriate model for estimating pollutant loads in
highway runoff. 1In the future, pollutant concentration estimates
in this report will be compared to actual pollutant
concentrations measured in samples taken from the test sites.

IMPLEMENTATION

1. A copy of this report will be sent to the environmental staff

in each of the Districts and in the appropriate Headquarters'
offices. .

2. The pollutant loads predicted by the models in this study
will be compared to actual field measurements.

ClihPDF - wyvirlaslio.com
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SECTION 1: POLLUTANT LOADS AND CONCENTRATIONS PREDICTED BY
FHWA, CALTRANS, AND WSDOT RUNOFF MODELS

The following tables contain the pollutant loads and

v concentrations predicted by the FHWA, CALTRANS, and WSDOT runoff
models. Data input into each model is listed above the table.
. Rainfall intensity is indicated at the top of each column.

Highway lengths and drainage areas are obtained from as-built
plans of the highway. Average daily traffic is available from
the Division of Traffic Engineering. Refer to Reference 5 for a
detailed history of the Howe and Watt Avenue test sites and
sampling devices. Refer to Appendix ¢ for a summary of each
model. Sample calculations are included in Appendix D. These
tables predict pollutant levels assuming no mitigation measures

¢ such as vegetated channels. (See Section 2 for the effects of
grass lined channels on pollutant levels.)

The FHWA model input includes site type, accumulation time, and
dry days. Refer to Appendix C for a description of the various
site types. Accumulation time is the time since the last storm
of sufficient intensity to wash accumulated pollutants from the
roadway. Dry days is the time since the last storm of any
“intensity. For this analysis it is assumed that the accumulation
time is equal to dry days. An average value of 10 days is
assumed.

The Caltrans input includes a runoff coefficient. This study
used the default value of 0.90. The WSDOT input includes a runoff
factor for impervious and pervious drainage areas, TSS loading
factor, total annual rainfall, and site type. This study used
default values of 0.70 and 0.45 as recommended by the WSDOT
runoff model for impervious and pervious drainage areas. Site
types are classified as either western or eastern Washington.

The model gives equations and TSS loading factors for eastern and
western Washington. The eastern Washington value of 0.026 lbs /

ClihPDF - www .fastio.com
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mi-VDS is used for inland areas and the western Washington value
of 0.0064 lbs / nmi-VDS is used for coastal sites. Therefore this
study used the eastern Washington value to apply the model to the
inland sites of Howe and Watt Avenue. For comparison purposes
only, the Washington model was also applied using western
Washington equations. (See Section 1, Table D) Rainfall data are
available from several sources including the Department of Water

Resources Publications (6). Weather data used in this study are
included in Appendix E.

WA Taslio.com
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SECTION 1
TABLE A: POLLUTANT LOADS PREDICTED FROM FHWA MODEL

Site: Howe Avenue

Site Type: I (100 % paved)

Highway Length: 4210 ft or 0.80 mile
Average Daily Traffic: 64,500 vehicles/day
Accumulation Time = Dry Days = 10 days

Site Drainage Area: 202,118 sq ft

AL o T S S, S W D D D ik U D WD WS WA i 4 TP UV S S Sl AL ek e T W P S G SN SN S S . P P S G sk e e S WS S S N M S G S e T T —

| | MINIMAL STORM | 2-YEAR RETURN | 100-YEAR RETURN |
| PARA- | 0.,1" in 2 hrs | 1.98" in 24 hrs | 4.39" in 24 hrs |
| METER | == e e e e e e e e e e e e e e e |
| | LOAD | CONC | LOAD | CONC | LOAD | CONC |
25| 60,595 | 1624 1 1a1,235] 1m0 1 355,780) 123 |
: TSS { 30,645 } 822 E 73,404 ; 78 } 136,231} 65 I
E vss { 11,657 { 313 {‘27,066 i 29 } 49,709 ; 24 I
E TVS I 19,418 I 521 } 37,249 I 39 i 63,444 I 30 I
} TKN i 272 { 7.3 { 540 i 0.57 } 930 I 0.44 %
I BOD ; 2,073 { 56 I 3,928 I 4.2 } 6,654 : 3.2 ;
I TOC I 3,815 ; 102 } 8,414 E 8.9 : 15,173 } 7.2 I
% CoD I 14,714 l 395 i 31,012 } 33 ; 54,957 { 26 }
} TN E 136 l 3.6 } 249 I 0.26 { 408 I 0.19 !
E TPO, I 59 { 1.6 l 141 ; 0.15 } 259 { 0.12 I
I cl { 3,234 I ‘87 } 5,978 I 6.3 i 10,006 I 4.8 }
I Pb ; 327 } 8.8 } 780 } 0.83 I 1,442 I 0.69 I
i Zn I 58 I 1.6 i 127 f 0.13 ! 227 E 0.11 :
! Fe { 1,175 ; 32 : 2,386 { 2.5 { 4,164 } 2.0 !
f cu I 18 I 0.48 f 41 ; 0.043 } 77 ; 0.037 {
I cda } 17 : 0.45 I 19 I 0.020 } 36 I 0.017 %
} Cr I 11 ; 0.29 } 23 { 0.024 I 42 I 0.020 ;
I Hg } 0.35 I 0.0094 } 0.25 E o.ooozel 0.40 : 0.00019I

W S MR D id Skl i T . S S S S D D SED SED S8 G S . . ——— A TP D P GNP P S SN SRS NS Gk Sk s ek s s e ek S T T S W S T S A S

LOAD = Pollutant Load in Grams / Storm
= Pollutant Concentration in Milligrams / Liter

www . fastio.com
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POLLUTANT LOADS PREDICTED FROM FHWA MODEL

Site: Watt Avenue

Site Type: I (100 % paved)

Highway Length: 400 £t or 0.076 mile
Average Daily Traffic: 59,500 vehicles/day
Accumulation Time = Dry Days = 10 days

Site Drainage Area: 19,166 sq ft

MINIMAL STORM | 2-YEAR RETURN | 100-YEAR RETURN |

i PARA~- I 0.1" in 2 hrs | 1.98" in 24 hrs | 4.39" in 24 hrs |
| METER | === oo e o e e e e e e e
| | LOAD | CONC | LOAD | CONC | LOAD | CONC |
T38| Tayave | 1oiva | 1mase | ise | 33.a08 ] 115 |
I TSS I 1,379 i 304 } 5,148 I 57 ; 10,691 i 54 {
} VSs { 1,111 I 245 ; 2,468 l 28 } 4,468 { 22 }
E TVS E 7,212 } 1,592 I 8,786”} 98 { 11,095 { 56 }
E TKN } 91 E 20 I 113 E 1.3 I 150 I 0.75 }
I BOD I- 803 { 177 I 966 E 11 i 1,207 } 6.1 I
I -TOC { 667 I 147 I 1,075 E 12 I 1,669 I 8.4 :
i”’COD ; 3,561 I 786 l 4,999 I 56 = 7,108 { 36 {
; N .{ 64 ; 14 E 73 } 0.81 E 86 E 0.43 I
{ TPO, I 5.4 } 1.2 } 13 } 0.14 } 23 E 0.12 }
} c1 ; 1,356 { 299 I 1,597 { 18 } 1,955 { 9.0 f
! Pb E 19 I 4.2 ; 59 } 0.66 i 118 } 0.59 }
{ Zn { 11 { 2.4 { 17 { 0.19 { 25 { 0.13 {
= Fe i _‘349 i 77 ! 454 { 2.1 = 612 = 3.1 {
{ cu I 1.9 ; 0.42 E 3.9 } 0.043 E 6.8 I 0.034 I
I cd i 0.11 I 0.024 } 1.1 i 0.012 } 2.6 } 0.013 !
% cr }' 1.4 I 0.31 } 2.5 I 0.028 } 4.2 ; 0.021 {
E Hg } 0.39 l 0.086 ; 0.39 I 0.0043 } 0.40 = 0.0020 {
I I | I I | |
"LOAD = Pollutant Load in Grams / Storm

CONC = Pollutant Concentration in Milligrams / Liter

8

ClibPD WAV W fEISl\O- com


http://www.fastio.com/

TABLE B: POLLUTANT LOADS PREDICTED FROM CALTRANS MODEL

Site: Howe Avenue

Site Drainage Area: 202,118 =sq ft

Average Daily Traffic: 64,500 vehicles/day
Runoff Coefficient: 0.90

| MINIMAL STORM 2=YEAR RETURN 100-YEAR RETURN |

- { PARA- | 0.1" in 2 hrs E 1.98" in 24 hrs E 4.39" in 24 hrs |

| METER |====s—mmemme————— | == e R |

1 | LOAD | CONC | ILOAD | CONC | LOAD | CONC |

B e e

{ NR } 4,086 ! 95 { 41,947 F 49 i 41,947 } 22 {

! FR } 6,113 { 142 ! 14,390 i 17 ’ 14,390 ! 7.6 i

i Pb i 25 } 0.57 { 136 } 0.16 { 136 { 0.072 }

¢ f Zn { 18 i 0.41 } 53 i 0.062 ! 53 ! 0.028 }
I CoD { 4,778 } 111 % 17,845 f 21 { 17,845 { 9.5 {

i TEN i 168 E 3.9 ; 371 E 0.44 E 371 E 0.20 5

LOAD = Pollutant Load in Grams / Storm
= Pollutant Concentration in Milligrams / Liter
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POLLUTANT ‘LOADS PREDICTED FROM CALTRANS MODEL

Site: Watt Avenue

Site Drainage Area: 19,166 sg ft

Average Daily Traffic: 59,500 vehicles/day
Runoff Coefficient: 0.90

| | MINTMAL STORM | 2-YEAR RETURN | 100-YEAR RETURN |
| PARA~ | 0.1" in 2 hrs | 1.98" in 24 hrs | 4.39" in 24 hrs |
| METER |-——=——r==————————— - e e |
| | LOAD | CONC | IOAD | CONC | ILOAD | CONC |
| = e |
| TR | 7,045 | 1,731 | 60,779 | 753 | 60,779 | 340 |
I | I I I I I I
| NR | 3,819 | 938 | 38,746 | 480 | 38,746 | 216 |
P I I I | I | I
| FR | 6,054 | 1,487 | 13,690 | 170 | 13,690 | 76 |
| I I | I I | I
| Pb | 24 | 5.8 | 127 } 1.6 | 127 | 0.71 |
I I | | I I I I
| -2n | 17 | 4.2 | 50 | 0.62 | 50 | 0.28 |
| | I | I | I I
| ¢C€oD | 4,686 | 1,152 | 16,740 | 207 | 16,740 | 24 |
| | | | o I | I
| TRN | 167 | 41 | 353 | 4.4 | 353 | 2.0 |
[ I I I I I I I
LOAD = Pollutant Load in Grams / Storm

CONC = P

ollutant Concentration in Milligrams / Liter
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TABLE C: POLLUTANT LOADS PREDICTED FROM WSDOT MODEL

Site: Howe Avenue
Site Type: inland (Eastern Washington)
Total Drainage Area: 19,166 sg ft
Inpervious Drainage Area: 19,166 sq ft
Pervious Drainage Area: 0 sq ft
Runoff Factor of Impervious Drainage Area: 0.70
Runoff Factor of Pervious Drainage Area: 0.45
* Length of Highway: 4,210 ft
Average Daily Traffic: 64,500 vehicles/day
TSS Loading Factor: 0.026
Total Annual Rainfall: 17.87 in

b b L L Yy T Y T T T Y e ———

MINIMAL STORM 2-YEAR RETURN 100-YEAR RETURN

| I | I I
| PARA~ | 0.1" in 2 hrs | 1.98" in 24 hrs | 4.39" in 24 hrs |
| METER |==~=———————m————— e —————— | === —————— |
[ | LOAD | CONC | LOAD | CONC | LOAD | CONC |
= e e e |
| TSS | 35,498 | 1,063 | 425,975]| 644 | 425,975 291 |
I I I | I | I I
| cop | 14,197 | 425 | 170,391 258 | 170,391]| 116 |
I | I | I I I I
| Pb | 25 | 0.76 | 303 | 0.46 | 303 | 0.21 |
| I I I | | I I
| z2n | 740 | 22 | 8,877 | 13 | 8,877 | 6.1 |
| I | I I I I I
| ca | 9.0 | 0.27 | 108 | 0.16 | 108 | 0.074 |
I I | | | I I !
| TRN | 43 | 1.3 | 511 | ©0.78 | 511 | 0.35 |
| I I | | | I l
| TP | 75 | 2.2 | 895 | 1.4 | 895 | 0.62 |
I I I I I | | I
| NO3+NO, | 71 | 2.2 | 852 | 1.3 | 852 | 0.58 |
~N I I I I | I
LOAD = Pollutant Load in Grams / Storm
CONC =

Pollutant Concentration in Milligrams / Liter

11
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' POLLUTANT LOADS PREDICTED FROM WSDOT MODEL

Site: Watt Avenue ‘

Site Type: inland (Eastern Washington)

Total Drainage Area: 19,166 sg ft

Impervious Drainage Area: 19,166 sg ft
Pervious Drainage Area: © sqg ft

Runoff Factor of Impervious Drainage Area: 0.70
Runoff Factor of Pervious Drainage Area: 0.45
Length of Highway: 400 ft

Average Daily Traffic: 59,500 vehicles/day
TSS Loading Factor:  0.026

Total Annual Rainfall: 17.87 in

| MINIMAL STORM 2~YEAR RETURN
PARA~ | 0.1" in 2 hrs

| 100-YEAR RETURN |
1.98%" in 24 hrs | 4.39" in 24 hrs |

|

I

8.9
0.01
0.43

0.005
0.02

0.04

0.04

6

4
7

6

4

I

I

I | LOAD | CONC LOAD | CONC LOAD |
mss | a5 | er | araisy as | s7.eia mn |
I ‘coD I 1,243 I 33 I 14,887| 20 I 14,887I
I Pb I 2.16 I 0.06 I 25.9 I 0.034 I 25.9 I
I Zn I 60 I 1.6 I 716 I 0.95 I 716 I
I_-Cu I 0.74 I 0.019 I 8.9 I 0.012 I 8.9 I
I TN I 3.7 I 0.98 I 45 I 0.059 I 45 I
I TP I 6.5 I 0.17 I 78 I 0.10 I 78 I
!N9§§N°2I 6.2 i 0.17 i 74 i 0.097 I 74 |

IOAD = Pollutant Load in Grams / Storm
= Pollutant Concentration in Milligrams / Liter

12
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TABLE D: POLLUTANT LOADS PREDICTED FROM WSDOT MODEL

Site: Howe Avenue

Site Type: (for comparison purposes, coastal (Western Wash)
equations are used)

Total Drainage Area: 19,166 sq ft

Impervious Drainage Area: 19,166 sq ft

Pervious Drainage Area: 0 sg ft

Runoff Factor of Impervious Drainage Area: 0.70

Runoff Factor of Pervious Drainage Area: 0.45

Length of Highway: 4,210 ft

Average Daily Traffic: 64,500 vehicles/day

TSS Loading Factor: 0.0064

Total Annual Rainfall: 17.87 in

| MINIMAL STORM 2~YEAR RETURN

{ PARA- | 0.1" in 2 hrs : 1.98" in 24 hrs I 4.39" in 24 hr
| METER |===w=ce—eeeemeee—- e ————— | === ———————
[ | ToAD | CONC | LOAD | CONC | LOAD | CONC
| zss | a0 | 2er | iea.ess| 1 | 1oa.ssm) 73
i CcoD } 3,494 : 105 i 41,943{ 63 } 41,943 29
i Pb { 50 l 1.5 I 604 I 0.91 f 604 { 0.41
E Zn } 18 { 0.54 { 218 } 0.33 } 218 } 0.15
{ Cu { 2.2 { 0.067 } 27 : 0.04 { 27 I 0.01
} TN I 24 I 0.71 i 283 E 0.43 { 283 ! 0.15
I TP } 18 I 0.54 I 220 I 0.34 } 220 { 0.19
fN03+N02} 17 { 0.53 ! 210 i 0.32 } 210 } 0.14
L] S | L
LOAD Pollutant XLoad in Grams / Storm

CONC = Pollutant Concentration in Milligrams / Liter

13

www . fastio.com

s

100-YEAR RETURN |


http://www.fastio.com/

POLLUTANT I0ADS PREDICTED FROM WSDOT MODEL

Site: Watt Avenue

Site Type: (for comparison purposes, coastal (West Wash)
equations are used)

Total Drainage Area: 19,166 sq ft

Impervious Drainage Area: 19,166 sg ft

Pervious Drainage Area: 0 sg ft

Runoff Factor of Impervious Drainage Area: 0.70

Runoff Factor of Pervious Drainage Area: 0.45

Length of Highway: 400 ft

Average Daily Traffic: 59,500 vehicles/day

TSS Loading Factor: 0.0064

Total Annual Rainfall: 17.87 in

| MINIMAL STORM 2=YEAR RETURN 100-YEAR RETURN |

I PARA- | 0.1" in 2 hrs I 1.98" in 24 hrs { 4.39" in 24 hrs |
| METER |[====meccocm—ron—o— | == | m—————————————— |
| | LOAD | CONC | LOAD | CONC | LOAD | CONC |
Tass | 7z | s0 | sies | 12| eiiee ] aa |
= coD E 304 } 8.0 } 3,663 { 4.9 I 3,663 } 2.2 }
E Pb I 4.1 i 0.11 } 49 l 0.065 { 49 I 0.029 {
E ‘Zn { 1.46 l 0.038 ; 17 I 0.024 i 17 } 0.011 E
} Cu "I 0.18 } 0.0048 i 2.2 } 0.0029 } 2.2 i 0.0013 }
} TKN } 2.1 i 0.054 { 25 { 0.033'{ 25 } 0.015 }
} TP = 1.5 f 0.042 I 19 = 0.025 { 19 I 0.011 ;
iNO3+N02: 6.2 I 0.041 = 18 E 0.024 } 18 } 0.011 }

ol e ]
LOAD Pollutant Load in Grams / Storm

CONC = Pollutant Concentration in Milligrams / Liter

14
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SECTION 2: POLLUTANT CONCENTRATIONS PREDICTED BY FHWA, CALTRANS
AND WSDOT RUNOFF MODELS USING GRASS CHANNELS

The tables that follow contain the pollutant concentrations
predicted by the FHWA, CALTRANS, and WSDOT runoff models when
drainage channels are vegetated with grass. The pollutant con-
centration at the first sampler location is not effected by the
grass channel as it is located at the outlet culvert entrance
which initially drains into the channel. This produces a sample
of runoff as it comes directly from the highway. The second
sampler concentration is a measure of the reduction in toxicity
of the runoff after traveling half the distance of the channel
through the grass. The third sampler concentrations represents
the runoff as it is released to receiving waters.

The data developed by Washington State on the effect of vegetated
channels on pollutant concentrations are presented in Appendix A.

15
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SECTION 2

TABLE A: POLLUTANT LOADS PREDICTED FROM FHWA MODEL USING

Site:

GRASS CHANNELS

Howe Avenue

Site Type: I (100% paved)
Highway Length: 4210 ft or 0.80 mile

Average Daily Traffic: 64,500 vehicles/day
Accumulation Time = Dry Days = 10 days
| | MININAL STORM | 2-vEaR RETURN |
| PARA~ | 0.1" IN 2 hrs | 1.98" IN 24 hrs |
| METER |=—m === o e ———]
- | s1 | s2 | 83 } s1 | s2 | 83 |
Tos | Tesa 1 3 T 320 | 150 | 35 | 30 |
{ TSS } 822 ; 189 { 164 i 78 l 18 } 16 }
: Vss } 313 } 72 ; 63 I 29 } 6.7 } 5.8 }
! TVS E 521 = 120 } '104 E 39 { 9.0 ! 7.8 I
{ “TKN ; 7.3 } 1.7 f 1.5 = 0.57 } 0.13 } 0.11 {
} BOD } 56 I 13 ; 11 I 4.2 i 0.97 } 0.84 ;
f TOC { 102 f 23 } 20 } 8.9 ! 2.0 = 1.8 =
§ cobD i 395 { 91 { 79 } 33 } 7.6 { 6.6 {
{ TN { 3.6 I 83 # 0.72 { 0.26 { 0.060 { 0.052 i
[* TPO, i 1.6 E 0.34 { 0.32 E 0.15 { 0.035 = 0.030 I
i cl { 87 # 20 { 17 i 6.3 { 1.4 } 1.3 E
! Pb = 8.8 } 2.0 } 1.8 { 0.83 i 0.19 i 0.017 {
E Zn % 1.6 } 0.37 % 0.32 = 0.13 % 0.030 } 0.026 %
l Fe ! 32 { 7.4 } 6.4 i 2.5 } 0.58 } 0.50 {
E cu E 0.27 I 0.062 i 0.054 I 0.043 { 0.0099 } 0.0086 E
i cd I 0.21 % 0.048 I 0.042 } 0.020 } 0.0046 } 0.0040 }
}- Cr { 0.29 { 0.067 i 0.058 E 0.024 i 0.0055 } 0.0048 {
; 'Hg ; 0.0094 } 0.0022 I 0.0019 E 0.0026 Io.ooooso{o.ooooszl
S1 = Parameter Concentration at Sampler #1 (Milligrams / Liter)

s2
S3
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POLLUTANT LOADS PREDICTED FROM FHWA MODEL USING GRASS CHANNELS

Site: Howe Avenue

Site Type: I (100% paved)

Highway Length: 4210 ft or 0.80 mile
Average Daily Traffic: 64,500 vehicles/day
Accumulation Time = Dry Days = 10 days

ek e e Tl L o f Y Yy ey ——

| 100-YEAR RETURN |

I PARA- | 4.39" in 24 hrs ]
| METER [=====——rece— e e ;
| | 81 | 82 | 83 |
ERETEEEEEE
I 7SS I 65 I 15 I 13 I
I vss I 24 } 5.5 I 4.8 !
. I VS f 30 ; 6.9 i 6.0 E
f TRN } 0.44 I 0.10 } 0.088 I
I BOD % 3.2 I 0.74 I 0.64 }
i TOC ; 7.2 § 1.7 l 1.4 i
i coD I 26 I 6.0 f 5.2 I
I TN ! 0.19 ! 0.044 } 0.038 f
E TPO, { 0.12 { 0.028 I 0.024 }
a1 | ae | 11 | o.se |
I Pb I 0.69 I 0.16 I 0.14 !
! Zn } 0.11 f 0.025 i 0.022 I
. i Fe } 2.0 { 0.46 I 0.40 i
i cu I 0.037 i 0.0085 f 0.0074 I
‘ I ca ; 0.017 ! 0.0039 } 0.0034 f
f cr } 0.020 } 0.0046 I 0.0040 }
} Hg } 0.00019}0.000040I0.oooosai
51 = Paramete;-E;;;;;E;;EE;;—;g-;;;;I;;-;;-?ﬁzzzggrams / Liter)
52 = Parameter Concentration at Sampler #2 (Milligrams / Liter)
83 = Parameter Concentration at Sampler #3 (Milligrams / Liter)
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POLLUTANT LOADS PREDICTED FROM FHWA MODEL USING GRASS CHANNELS

Site: Watt Avenue

Site Type: I (100% paved)

Highway Length: 400 ft or 0.076 mile
Average Daily Traffic: 59,500 vehicles/day
Accumulation Time = Dry Days = 10 days

| | MINIMAL STORM | 2-YEAR RETURN |
| PARA- | 0.1" IN 2 hrs | 1.98" IN 24 hrs |
| METER |=em—mm e e e e e e e e e e e e e e e e e e |
| 1 1 | s2 | 83 | 81 | s2 | 83 |
Tos | Toaze | ass | a1 1se 1 a2 | s |
I TSS I 304 I 91 I 70 i 57 I 17 { 13 I
I vss { 245 I 74 { 56 : 28 I 8.4 { 6.4 E
{ i VS { 1,592 I 478 I 366 } o8 I 29 { 23 {
} TKN } 20 ‘} 6.0 { 4.6 ; 1.3 } 0.39 { 0.30 {
I BOD :‘ 177 I 53 } 41 ; 11 } 3.3 } 2.5 I
I TOC } 147 I 44 { 34 } 12 E 3.6 E 2.8 I
I CoD } 786 } 236 E 181 I 56 i 17 : 13 I
I TN I 14 } 4.2 f 3.2 I 0.81 } 0.24 { 0.19 I
{ TPO, { 1.2 } 0.36 { 0.27 E 0.14 I 0.042 I 0.032 §
I :c1 } 299 i 90 I 69 E 18 i 5.4 I 4.1 }
{ Pb } 4.2 I 1.3 i 0.97 ; 0.66 I 0.20 I 0.15 }
{ Zn i 2.4 { 0.72 { ' 0.55 { 0.19 { 0.057 { 0.044 {
} Fe i 77 { 23 i 18 { 2.1 i 0.63 ! 0.48 I
; cu § 0.42 E 0.13 ; 0.097 l 0.043 1 0.013 } 0.0099 }
} cd } 0.024 i 0.0072 } 0.0055 I 0.012 } 0.0036 { 0.0028 E
{ Ccr { 0.31 I 0.093 I 0.071 ; 0.028 I 0.0084 } 0.0064 }
{ Hy { 0.086 I 0.026 I 0.020 : 0.0043 { 0.0013 { 0.00099}
"S1 = parameter Concentration at Sampler #1 (Milligrams / Liter)
82 = Parameter Concentration at Sampler #2 (Milligrams / Liter)
S3 = Parameter Concentration at Sampler #3 (Milligrams / Liter)
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POLLUTANT LOADS PREDICTED FROM FHWA MODEL USING GRASS CHANNELS

Site: Watt Avenue
Site Type: I (100% paved)
2 Highway Length: 400 ft or 0.076 mile
Average Daily Traffic: 59,500 vehicles/day
. Accumulation Time = Dry Days = 10 days

S S Sk W S S ey b S S S S V. S S S AL e o e S S S S P P

| 100~YEAR RETURN |

% PARA- | 4.39" in 24 hrs |
| METER |~-——=—— e e |
| I 81 | s2 | s3 |
Tz s T s ) ee |
: TSS E 54 } 16 i 12 I
E vss } 22 I 6.6 : 5.1 }
| | ws | ose | 17 | 13 |
} TKN i 0.75 I 0.23 { 0.17 i
| Bop | 1 | 1.8 | 1.4 |
l TOC f 8.4 { 2.5 : 1.9 }
E coD } 36 ; 11 ! 8.3 i
; TN i 0.43 i 0.13 { 0.099 !
I TPO, { 0.12 ! 0.036 }' 0.028 i
{ c1 } 9.0 I 2.7 I 2.1 ;
} Pb } 0.59 } 0.18 E 0.14 l
i zZn I 0.13 i 0.039 } 0.030 f
- l Fe f 3.1 { 0.93 ; 0.71 {
% cu I 0.034 I 0.010 I 0.0078 I
] I cd { 0.013 } 0.0039 } 0.0030 ;
, I Ccr % 0.021 % 0.0063 f 0.0048 I
} Hy } 0.0020 i o.oooso} 0.00046I
Sl = Paramete;-E;;;;;E;;;E;;—;E-;;;;;;;-;I_?ﬁziizgrams / Liter)
52 = Parameter Concentration at Sampler #2 (Milligrams / Liter)
83 = Parameter Concentration at Sampler #3 (Milligrams / Liter)
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'TABLE B: POLLUTANT LOAD PREDICTED FROM CALTRANS MODEL USING
GRASS CHANNELS

Site: Howe Avenue

Site Drainage Area: 202,118 sq ft

Average Daily Traffic: 64,500 vehicles/day
Runoff Coefficient: 0.90

MINIMAL STORM

| 2-YEAR RETURN
PARA- | 0.1" in 2 hrs

I I 1
| | 1.98% in 24 hrs |
| METER |=====-s—em e o m e — e | —-—- I
| | s1 | 82 | 83 | s1 | 82 | 83 |
| o e e e e |
[ TR | 174 - | 40 | 35 | 77 | 18 | 15 |
I I I I [ | I I
| NR | 95 | 22 | 19 | 49 | 11 | 9.8 |
| | | I | I [ i
| FR | 142 | 33 | 28 | 17 | 3.9 | 3.4 |
| | I l ] | | I
| P» | 0.57 ] ©0.13 | ©0.11 | 0.16 | 0.037 | 0.032 |
] I | I ] I | I
| Zn | 0.41 | 0.094 | 0.082 | 0.062 | 0.014 | 0.012 |
[ I I I I | | I
[ cop | 111 | 26 | 22 | 21 | 4.8 | 4.2 |
I | I | I I I |
| TRN | 3.9 | ©0.90 | ©0.78 | 0.44 | 0.10 | ©0.088 |
| | | | | | I l

i i 100~-YEAR RETURN |

| PARA- | 4.39" in 24 hrs |

| METER |-—-=—m=m=memm——m—em e [

| I S1 | 52 I S3 [

[ == ——————— e | === |

| TR | 35 | 8.1 | 7.0 |

I I I I I

| NR | 22 | 5.1 | 4.4 |

{ { l { |

| FR | 7.6 | . 1.7 | 1.5 |

I | | | |

i Pb | 0.072 | 0.0064 | 0.0056 |

| I I I I

| Zm | 0.028 | 6.4 E=3| 5.6 E-3|

I I | I I

] eop | 9.5 | 2.2 | 1.9 |

| | | I I

| TKN | 0.20 | 0.046 | 0.040 |

| | I I |

e e i e s o e il M M k. A A A S ke D D A A S D S A A S S

arameter Concentration at Sampler #1 (Milligrams / L;ter)
arameter Concentration at Sampler #2 (M}ll%grams / L+ter)
arameter Concentration at Sampler #3 (Milligrams / Liter)

ihinmn
L
nmuu
g
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POLLUTANT LOAD PREDICTED FROM CALTRANS MODEL USING GRASS CHANNELS

Site: Watt Avenue

Site Drainage Area: 19,166 sq ft

Average Daily Traffic: 59,500 vehicles/day
Runoff Coefficient: 0.90

D L D D D D L ek (Bl G G it Sl T W S WD S Sk e G D S D Y WP W S B S Sy il (ol S b S T T Sa M AP P D D S G G . S S G S —

] MINIMAL STORM 2=-YEAR RETURN

. i PARA- | 0.1" in 2 hrs } 1.98" in 24 hrs !
| METER |====—=mecem e oo o i [
| | 81 | s2 | s3 | s1 | s2 | 83 |
i--;ﬁ__-T 1,731 | 51;--1 398“-7---;;; | 226 | 173 }
I NR f 938 ; 281 I 216 I 480 I 144 : 110 i
E FR i 1,487 } 446 } 342 ; 170 } 51 { 39 I
I Pb ; 5.8 } 1.7 { 1.3 I 1.6 ; 0.48 : 0.37 {

‘ ; Zn { 4.2 i 1.3 { 0.97 } 0.62 i 0.19 I 0.14 ;
I CoD f 1,152 ! 346 { 265 { 207 ! 62 E 48 I
E TKN i 41 i 12 f 9.4 i 4.4 E 1.3 i 1.0 !

et L L L T iy S ——

100-YEAR RETURN |

I !
| PARA~ | 4.39" in 24 hrs |
| METER |==-smm—m e mm e n |
| | s1 ! s2 | 83 |
| == mmmmm e | ====mmme | ===-m=-= |
| TR | 340 | 102 | 78 |
| I I | |
| NR | 216 | 65 | 50 |
| | | I |
| FR | 76 | 23 | 17
) I I | I |
| Pb | ©0.71 | 0.21 | 0.16 |
I I I I |
. | 2n | ©0.28 | 0.084 | 0.064 |
I I I I |
| cop | 94 | 28 | 22 |
I I - I |
| TKN | 2.0 | 0.60 | 0.46 |
I I I | I
S1 = Parameter Concentration at Sampler #1 (Milligrams / Liter)
52 = Parameter Concentration at Sampler #2 (Milligrams / Liter)
83 = Parameter Concentration at Sampler #3 (Milligrams / Liter)
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" TABLE C: POLLUTANT LOADS PREDICTED FROM WSDOT MODEL USING
GRASS CHANNELS
Site: Howe Avenue

Type: inland : 4210 ft or 0.80 mile
Ai: 202,118 sq £t Ki: 0.70
Ap: 0 sg ft Kp: 0.45
Atot: 202,118 sqgq ft P: 0.026
Rtot: 17.87 ADT: 64,500 vehicles / day
| | MINTIMAL STORM | 2-YEAR RETURN
| PARA~ | 0.1" in 2 hrs | 1.98" in 24 hrs |
| METER |===mm—seeece e | =———e -]
| | S1 i S2 } S3 | sl | 52 | s3 |
e ~=1
| mss | 1063 | 245 | 213 |} 644 | 148 | 129 |
| o I I | I | I
| ¢cob | 425 | 98 | 85 | 258 | 59 | 52 |
I | I I I | I I
[ Pb | ©0.76 | 0.7 | 0.15 | 90.46 | 0.11 | 0.092 |
I I | | I I | I
| 2Zn | 22 | 5.1 | 4.4 | i3 i 3.0 | 2.6 |
P | I | | I | |
: | Cu | 0.27 | 0.062 | 0.012 | 0.16 | 0.037 ] 0.032 |
' P I I I I | | I

| TKN | 1.3 | 0.30. | 0.26 | ©0.78 | 0.18 | 0.16 |
I | I I I | I I
| TP | 2.2 | 0.51 | 0.44 | 1.4 | 0.32 | 0.28 |
|  NOz+|. I I | I I I
INO5 = N| 2.2 | 0.51 | 0.44 | 1.3 | 0.30 | 0.26 |

i | 100-YEAR RETURN 1

| PARA- | 4.39" in 24 hrs !

| METER |====———mm e e |

| i s1 | s2 | s3 |

| —===mmmm e mae |==mmmm- | === |

| T88 | 291 | 67 | 58 |

I I | I |

| <COD | 116 | 27 | 23 |

I I I | I

| .Pb | 0.28 | 0.048 | 0.042 |

I | | I I

| 2n I 6.1 | 1.4 | 1.2 |

| I I | I

| Cu | 0.074 | 0.017 | 0.015 |

I I I I |

| TRN | 0.35 | 0.081 | 0.070 |

| I I I I

| TP | ©0.62 | 0.14 | 0.12 |

|  NOs+| | I I

|[NO, - N{ 0.58 | 0.13 | 0.12 |

. T S S NS S S v v e d el ALS S A A D WP e o S ks S S S S A S

S1 = Parameter Concentration at Sampler #1 (Milligrams / Liter)
82 = Parameter Concentration at Sampler #2 (M@ll;grams / L}ter)
§3 = Parameter Concentration at Sampler #3 (Milligrams / Liter)
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POLLUTANT LOADS PREDICTED FROM WSDOT MODEL USING GRASS CHANNELS

Site: Watt Avenue ADT: 59,500 vehicles / day
Type: inland L: 400 ft
Ai: 19,166 sgq ft Ki: 0.70
Ap: 0 sgq ft Kp: 0.45
Atot: 19,166 sq ft P: 0.026
? Rtot: 17.87
] | =~ MINIMAL STORM | 2-YEAR RETURN |
- | PARA- | 0.1" in 2 hrs ] 1.98" in 24 hrs
| METER |=—~——=—— e e R |
| | s1 | s2 | 83 | s1 | S2 | s3 |
| e I
| Tss | 81 | 24 | 19 | 49 | 2.5 | 11|
I | I I I | | |
| cop | 33 | 9.9 | 7.6 | 20 | 6.0 | 4.6 |
I I | I I I I I
| Pb | 0.060 | 0.018 | 0.014 | 0.034 | 0.0102 | 0.0078 |
I I I | | I I I
| 2Zn | 1.6 | 0.48 | 0.37 | 0.95 | 0.29 | 0.22 |
I I I I I | I I
| Cu | 0.019 | 0.0057 | 0.0044 | 0.012 | 0.0036 | 0.0028 |
I | I I | i | I
| TKN | 0.98 | 0.29 | ©0.23 | 0.059 | 0.018 | 0.014 |
| I I | ! I | I
! TP | 0.17 | 0.051 | 0.039 | 0.10 | 0.030 | 0.023 |
|  NO3+| I I I | I I
INO; = N] 0.17 | 0.051 | 0.039 | ©0.097 | 0.029 | 0.022 |
| ; 100-YEAR RETURN |
] PARA~ | 4 39" in 24 hrs |
| METER |===—————— e |
| | s1 | s2 | 83 |
|~ | === | === |
[ mT8s | 22 | 6.6 | 5.1 |
| | | | I
| cop | 8.9 | 2.7 | 2.0 |
I I I I I
. | Pb | 0.016 | 0.0048 | 0.0037 |
I | - I |
| 2n | 0.43 | ©0.13 | 0.099 |
. I I I I I
[ Cu | 0.0054 | 0.0016 | 0.0012 |
I I I I I
| TKN | 0.027 | 0.0081 | 0.0062 |
I ] ! I I
] TP | 0.046 | 0.014 } 0.011 |
I NO3+] ! | |
{NO5 = N| 0.044 | 0.013 | 0.010 |

e T S St S S —— S Y W L L ki e . W A W S A S S Ay W S

S1 = Parameter Concentration at Sampler #1 (Milligrams / Liter)
52 = Parameter Concentration at Sampler #2 (Milligrams / Liter)
S3 = Parameter Concentration at Sampler #3 (Milligrams / Liter)
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DISCUSSION

The FHWA, Caltrans, and WSDOT runoff models were all developed
using research sites at different locations and, therefore, with

varying site characteristics. When applying the models to sites

other than the research site, similar site characteristics are
obviously desireable. These include climatic patterns, site
drainage area, percent of drainage area that is paved, and
average traffic volumes.

The ideal appiication for the Caltrans runoff model is an arid or
semiarid region of the United States with the median, travelled
lanes, and shoulders 100 percent paved. The drainage area should
be between two and four acres to correspond to the drainage areas
used to develop the model. Storm duration time should be 24
hours. (The Caltrans model was developed from from data at
research sites in Placerville, Sacramento, Walnut Creek, and
Redondo Beach.)

The FHWA model allows for more varied site characteristics.
Different equations and constraints exist for three different
site types. The Howe and Watt Ave test sites fit the profile of
the Type I site best. Ideally Type I sites are bridges and
overpasses. Our test site is not a bridge or overpass, but the

" other site characteristics of the Howe and Watt Avenue sites

match Type I sites more closely than Type II and Type III sites.
Site Type I has a drainage area that is 100 percent paved. Site
Type II is generally 30 to 40 percent paved. Type III is a rural
site with flush shoulders and a drainage area that is 20 to 30
percent paved.

The WSDOT runoff model is broken down into two site catagories,
eastern and western Washington. Western Washington refers to
coastal areas with frequent light rainfall. Average daily
traffic ranges from 2000 to 17,000 ideally. For this report,

24
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| annual Washington pollutant concentrations are divided by the

average annual number of wet hours and multiplied by the number
of hours for the three storm events being analyzed so Washington
results can be compared to the two other models on a storm-by-
storm basis.

Tables T and IT on Page 26 & 27 compare concentrations predicted
from five different constituents. The five pollutants were
selected for discussion because they are the only five
constituents that all three models predict. Table III on Page 28
shows the 95% confidence limits for the Caltrans model. The FHWA
loads fall within Caltrans confidence limits only 23% of the
time. The WSDOT loads fall within the limits only 33% of the
time. This lack of consistency in pollutant load predictions
suggests that the models may be valid for specific sites, but are
not general encugh to give reliable results for different
geographic locations. The models also may be using equations
which oversimplify a situation which is actually very complex.
The FHWA runcff model showed a pattern of predicting values
falling somewhere between those of Caltrams and WSDOT. Caltrans
and WSDOT results show opposite trends for the Howe and Watt Ave
sites. Caltrans predicts lowest pollutant concentrations for
Howe Avenue and highest for Watt Avenue. One possible explanation
for this trend may be that the Caltrans model is giving false
high readings for the Watt Ave site because of the test site
drainage area. As stated earlier, the Caltrans model was
developed for use in an area that is from two to four acres. The
Watt Ave site is only 0.44 acres. When the parameter loading is
divided by a smaller area, the resulting concentration is higher.
Alternatively, this may be an indication that the models are too
site-specific and do not accurately predict pollutants for
general locations. A third hypothesis is that the models show
more consistant trends on a annual basis rather than on single
storm events.
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TABLE I

COMPARISON OF POLLUTANT CONCENTRATIONS

!

i [
: | i COD |
____________ [E—— [y p——— — - [

| Howe Ave: | | ] | | |
| | I | | | i
| R= 0.1 " | . | I | |
| - FHWA i 822 | 7.3 | 8.8 | 1.6 | 395 |
| CALTRANS | a5 I ’3.9 | 0.57 | 0.41 | 111 |
| WSDOT-east]| 1063 | 1.3 | 0.76 | 22 | 425 |
¢ ! ! | | | | |
| R = 1.98%" | i | | | |
| FHWA | 78 | 0.57 | 0.83 | 0.13 | 33 |
| CALTRANS | 49 i 0.44 | 0.16 | 0.062 | 21 |
| WSDOT-east| 644 i 0.78 | 0.46 | 13 | 258 |
I | I | | I |
| R = 4.39" | | i ] | I
| FHWA | 65 | 0.44 | 0.69 ] 0.11 | 26 |
| CALTRANS | 22 | 0.20 | 0.072 | 0.028 | 9.5 {
| WSDOT-east| 291 | 0.35 | 0.21 | 6.1 | 116 |
| |- I ' ! ! | |
| Watt-Ave: | | | | | |
I | | ! ! I I
| R= 0.1" | | ! | | I
| FHWA | 304 | 20 | 4.2 | 2.4 | 786 ]
| CALTRANS | 938 | 41 | 5.8 | 4.2 | 1152 ]
| WSDOT-east| 81 | o0.98 | 0.06 | 1.6 | 33 !
| \ | \ | | |
| R = 1.98" | f | | | [
| FHWA o 57 | 1.3 | 0.66 | 0.19 | 56 |
| CALTRANS | 480 | 4.4 | 1.6 "] 0.62 | 207 |
| WSDOT-east| 49 | 0.059 | 0.034 | 0.95 | 20 |
[ - - | | | | |
| R = 4,39" | | | | | |
| FHWA I 54- | 0.75 | 0.59 | 0.13 | 36 |
| CALTRANS | 216 i 2.0 | 0.71 | 0.28 | o4 |
| WSDOT-east| 22 | 0.027 ] 0.016 | 0.43 | 8.9 |

26
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. TABLE TT

COMPARISON OF POLLUTANT LOADS

i | TSS (NR)| = TKN | Pb I zZn | coD
| | -==- e ===
| Howe Ave: | | | | |
| I I I | I
| R = 0.1 " | I | ! |
| FHWA | 30,645 | 272 | 327 | 58 ! 14,714
| CALTRANS | 4,086 | .168 | 25 | 18 | 4,778
| WSDOT-east| 35,498 | 43 { 25 | 740 | 14,197
| | | | | |
| R= 1l.98" | | I | |
| FEWA | 73,404 | 540 | 780 | 127 | 31,012
| CALTRANS | 41,947 | 371 | 136 | 53 | 17,845
| WSDOT-east| 425,975 | 511 | 303 | 8,877 | 170,391
| ! | | | !
| R = 4.30M | | I | |
| FHWA | 136,231 | 930 | 1,442 | 227 | 54,957
| CALTRANS | 41,947 | 371 | 136 | 53 | 17,845
| WSDOT-east| 425,975 | 511 | 303 | 8,877 | 170,391
| I [ | I |
| Watt Ave: | | | | |
| | ! | I !
| R= 0.1" | ! | I I
| FHWA | 1,379 | 91 | 19 ; 11 | 3,561
| CALTRANS | 3,819 | 167 ] 24 | 17 | 4,686
| WSDOT=-east | 3,103 | 3.7 | 2.2 | 60 | 1,243
] I l | | I
. | R= 1,98" | | i | ]
| FHWA ] 5,148 | 113 | 59 I 17 | 4,999
| CALTRANS | 38,746 | 353 | 127 | 50 | 16,740
. | WSDOT-east| 37,213 | 45 | 26 | 716 | 14,887
i | I | I |
| R = 4.,39" | | | I f
| FHWA i 10,691 | 150 | 118 | 25 | 7,108
{ CALTRANS | 38,746 | 353 | 127 ! 50 ] 16,740
| | 37,213 | 45 | 26 | 716 ]

WSDOT-east

14,887

27
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TABLE III
*

95% CONFIDENCE LIMITS FOR CALTRANS MODEL

| |
| | ™SS (NR)| TKN | ©Pb |  2n | coD |
| _ | == —————eeem———— -~ -- -
| Howe Ave: | | | | | I
I I I [ I | I
| R = 0.1" | 0 | 28 | o | 5 | 2,052 |
| | 12,967 | 308 | 56 | 31 | 7,504 |
| AU T R T
| R= 1.98" | 33,066 | 231 | 105 | 40 | 15,119 |
| | 50,828 | 511 | 167 | 66 | 20,571 |
| AR R T R
| R = 4.39" | 33,066 | 231 | 105 | 40 | 15,119 |
| - | 50,828 | 511 | 167 | 66 | 20,571 |
I _ | | I | | [
el
1R = 0.1" | 0 N 38 | o | 5 | 2,163 |
[ | 11,984 | 296 | 52 | 29 | 7,209 |
| | | | | | |
| R=1.98" | 30,581 | 224 | 99 | 38 | 14,218 |
| | 46,911 | 482 | 155 | 62 | 19,263 |
I AU R R T
| R=4.39" | 30,581 | 224 | 99 | 38 | 14,218 |
[ | 46,911 | 482 | 155 | 62 | 19,263 |

Confidence limits were calculated using the procedure outlined
_in Reference No. 7

- 28

ClihPD www.fastio.com


http://www.fastio.com/

ClibhPDF -

REFERENCES

Korbriger, N. P., T. L. Melnholz, M. X. Gupta, and R. W.
Agnew, "Constituents of Highway Runoff Volume III, Predictive
Procedure for Determining Pollution Characterlstlcs in
Highway Runoff", Federal Highway Administration Number
FHWA/RD~81/044, February 1981

Kerri, Kenneth D., J. A. Racin, and R. B. Howell,
"Forecasting Pollution Loads from Highway Runoff"
Transportation Research Record 1017, 1985

Racin, J. A., R. B. Howell, G. R. Winters, and E. C. Shirley,
"Estimating Highway Runoff Quality", California Department of
Transportation No. FHWA/CA/TL—SZ/ll, September 1982

Horner, R. R. and B. W. Mar, "Guide for Water Quality Impact
Assessment of Highway Operations and Maintenance", Washington
State Department of Transportation No. WA-RD-39. 14 September
1982

Umeda, Patti-Jo, "Use of Vegetation to Reduce the Toxicity of
Stormwater Runoff", California Department of Transportation
No. CA/TL~-87/16, August 1988

Goodrldge, J: D., et al, "Rainfall Analysis for Drainage
Design, Volume II, Long Duration Precipitation Frequency
Data", California Department of Water Resources, Bulletin No.
195, October, 1976

Sokal, Robert R. and F. James Rohlf, "Biometry", W. H.
Freeman and Company, San Francisco, Chapter 14, 1969

29

www . fastio.com


http://www.fastio.com/

ClihPDF



http://www.fastio.com/

APPENDIX A

ClihPDF - www .fastio.com


http://www.fastio.com/

ClibPD

YAYARYAVAV

faslio.com



http://www.fastio.com/

. EFFECT OF VEGETATED CHANNELS ON POLLUTANT CONCENTRATIONS (Ref #6)

| CHANNEL LENGTH | |
| mmm———————— e --- m——| APPROXIMATE FRACTION OF |
I

] METERS | FEET | POLLUTANT REMAINING
T e T T T e T |
.I 10 - 20 I 33 - 66 i 0.50 I
'I 20 - 30 I 66 - 98 ! 0.40 !
. I 30 - 40 I o8 -'131 E 0.30 E
i 40 - 50 } 131 - 164 E 0.26 {
I 50 - 60 : 164 - 197 E 0.23 E
E > 60 { > 197 } 0.20 '!
l ________ _ I__ ______ 1 o L I

A-1
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SITE 1: HOWE AVENUE, U.S. 50

Site I is located along westbound U.S. 50 near P.M. 3.67.

Westbound U.S. 50 is a four lane freeway which has a portland

cement concrete pavement. Approximately 4.64 acres of freeway

. contribute runoff into the channel. The runoff sheet flows to a
ditch which parallels the freeway and the Howe Avenue off-ramp on
the north side. A portion of the runoff also drains into drop
inlets located in the median. The runoff from each source flows
through an 18-inch asbestos cement pipe and discharges into an
earth-bottomed channel approximately 344 feet in length. The
runoff then flows into an 18-inch culvert which traverses under
the westbound U.S. 50 on-ramp leading to the vegetated channel.
The vegetated channel is approximately 363 feet long. The
average daily traffic is 129,000 vehicles (eastbound and
westbound). The research area is landscaped with various trees
and shrubs. Some of the trees and shrubs include Raywood Ash,
Honey Locust, Coast Redwood, Coffee Berry, Ceanothus and Western
Redbud.
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SITE 2: WATT AVENUE, U.S. 50

Site 2 is located along westbound U.S. 50 near P.M. R5.4.
Approximately 0.44 acres of freeway area contribute runoff into
the channel. Westbound highway U.S. 50 is a four lane freeway
which has a portland cement concrete pavement. The runoff flows
into two consecutive drop inlets (Type Gl1) located within the
8-foot paved shoulder to the north side of the freeway. The
runoff travels through an 18-inch asbestos concrete pipe (ACP)
and discharges the runoff into the vegetated channel which is
approximately 181 feet in length. The runoff exits the channel
through a 24-inch reinforced concrete pipe. There is a third
culvert located to the west of the culvert at the end of the
channel. The third culvert also contributes runoff to the
channel. Therefére, the third sampler is placed before the point
where the runoff enters the channel. This will insure that the
runoff sampled by the third sampler will not include the runoff
from the third culvert. The annual average daily traffic is
119,000 vehicles (eastbound and westbound). The area is
landscaped with various trees and shrubs. Some of the trees and
shrubs include the ﬁoney Locust, Coast Redwood, Interior Live
Oak, Cork Oak; and Western Redbud.
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FORMULAS FOR RUNOFF MODELS

FHWA MODEL (Input, Output, and Equations)

. | FHWA MODEL -~ INPUT
""""" ADT, Average Daily Traffic (vehicles s day) |
R, Rainfall (inches)
DD, Dry Days Since Last Rainfall (days) Min = 1 day
RD, Rainfall Duration (hours)

HL, Highway Length (miles)

T, Time of Accumulation (days) Max = 20 days

ite Type, I, I, or III:

H 0

ype I Site =  Urban, elevated bridge deck, 100% paved with
impact barriers containing each set of lanes

Type II Site

Mountable curb with paved and nonpaved
drainage area. Generally 30-40% paved

III site

Rural sites with flush shoulders, paved and
nonpaved runoff through ditches

g

I
I
I
I
|
i
[
|
|
I
I
A. Site Drainage Area (sqgq f£t) |
I
|
I
|
I
I
I
f
I
I
|
!
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FHWA MODEL - OUTPUT
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Q,
FD,
r,
X1,
Po,
P,
PD,
TS,
Cp,
Pp,
TSS,

TKN,

BOD,

TOC,
CcoD,
TN,
TPO,,
cl,
Pb,
Zn,

Fe,

Runoff (inches)

Runoff Duration (hours)

Average Runoff Rate (inches / hour)
Pellutant Accumulation Rate (1lbs / mile-day)
Initial Surface Pollutant Load (1lbs)
Pollutant Level After Build-up (1lbs)
Pollutant Load Discharged (1lbs)
Total Solids (lbs)

Constituent Concentration (mg / liter)
Constituent Load (grams / storm)
Total Suspended Solids (1bs)
Volatile Suspended Seolids (1lbs)
Total Volatile Solids (1bs)

Total Kjeldahl Nitrogen (lbs)
Biological Oxygen Demand (lbs)

Total Organic Chemicals (lbs)
Chemical Oxygen Demand (lbs)

Totéi Nitrogen (1lbs)

Total Phosphate (lbs)

Chlorine (lbs)

Lead (lbs)

Zinc (lbs)

Iron (lbs)

Copper (lbs)

Cadmium (1lbs)

Chromium (lbs)
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FHWA MODEL - EQUATIONS

SR e 0 — T D D S e W S — o7 S L A et e S e S S . S T T AN NS LD S A kb dmt i s e oy o S ke e e S

0.969R - 0.0187

| I
o :
| FD = 1.12RD + 0.69 |
! I
I I
I I

K2 5.0

TYPE II SITES:

Q = 0.470 * Rl:369 % pp—-0.0858

= 1.06RD + 1.79 if DD > or = 10
FD = 1.27RD + 2.16 if DD < 10
K2 = 6.5

I
I
!
|
| FD
I
|
|
I
|

——— i - S D S S Gl Y P S S — S S D G SN SR S St N WA A A AL S ek et el S S S D SR M N A S S e A

TYPE IITI SITES:
Q = 0.845 * rl.892 4 pp—-0.654
FD = 1.92RD + 4.18 1if DD > or = 10

FD = 1.48RD + 8.28 if DD < 10

D D N g S S e S e e T S WD e Gt s . Y W S A i e i W S S S et S Y Y D S S S el e ek e Y S S S S S G S S S A WY SN WP SUY NN N A AN

ALL SITES:
r=9Q/ FD
Kl = 0.007 * (ADT 0.89)
P = Po + (KL * HL* T)

Po = 0 if a storm of rainfall intensity > 0.5 inches
per hour occurs at the beginning of the initial
accumulation period

Po = K %¥ HL # T for all other cases

PD = P * (1 - e (~K2 * 1),

TS = PD

Cp = (192,222.37 % Pp) / (Q * A)

Pp = See tables on page C-4 and C-5 for individual |
constituent load equations |

D RS GG s S WD TR D S S S SR e Wi mh ke ke T S T S PG SUD NS GHS Gl GED GED GEN EED SED GES ASM MM G GG GEN S S ey e R PR PR PEN S e U AP N YN T S AN NS A W N
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" FHWA MODEL ~ 'EQUATTIONS

CONSTITUENT EQUATIONS FOR SITE TYPE I AND SITE TYPE II

—— i ot s

+ 8.8x104 + 1.006x%10

i PARAMETER } TYPE I | TYPE II I
I I \ I I
| e e e e e |
I - TSS = I 0.53T8 - 3.2 ; 0.63TS - 188 }
i - VSS = = 0.191T8 + 0.2 } 0.152TS + 13.5 }
I : VS = I 0.2217TS + 13.3 ; 0.263TS + 243 I
l TRN = I 0.0033TS + 0.16 ! 0.00546TS + 1.28 I
I " BOD = I 0.023TS + 1.5 I 0.030TS + 28.3 ,
}‘ TOC = } 0.057TS + 0.80 I 0.056TS + 25.2

I coD = I 0.202TS + 5.47 { 0.193TS + 275.3

} ™ = { 0.00137TS + 0.12 { 0.0013TS + 0.713 ’
l TPO, = I 0.0010TS + 0.00030 = 0.00225TS - 0.32 %
= cl = I 0.034TS + 2.59 I 0.042TS + 87 I
E Pb = : 0.0056TS ~ 0.024 I 0.00102TS + 0.04

} Zn = ! 0.00084TS + .0.014 I 0.000584TS + 0.103 - I
-{_ Fe = E 0.015TS + 0.59 I 0.0196TS - 5.0 I
} Cu = } 0.00029TS + 0.00073 ; 0.000316TS + 0.064 i
i cd = } 0.00014TS - 0.0014 E (4.16x1073)TS + 0.021 {
{ Cr = i 0.00016TS + 0.0012 { (4.3x1075)TS + 0.036 {
I Hy = I (-7.6x10"7)Ts } (2.44x10'5%TS ]
: ! ! :

ClihPDF - www fastio.com ™~


http://www.fastio.com/

FHWA MODEL = EQUATIONS

CONSTITUENT EQUATIONS FOR SITE TYPE III

S ot e e S S S SR S S T S S W S A Al Sk ik dnle el donie e G — ————

} PARAMETER | TYPE 111 I
. | | I
| = e e e e e e e e e e |
| l I
] | TSS = | 0.32TS - 36.8 |
} VsSs = I 0.061TS - 3.3 ;
} VS = I 0.32TS - 32.3 {
i TKN = I 0.0031TS + 0.55 I
i BOD = i N/ A {
l TOC = : 0.068TS - 5.85 E
E CcoD = I 0.087TS + 0.65 I
I N = { 0.00183TS + 0.054 i
i TPO, = I 0.00215TS - 0.245 {
; cl = } 0.135TS + 2.6 I
i Pb = {_ 0.00041TS - 0.029 I
I Zn = i 0.000267TS - 0.011 ;
I Fe = ; 0.014TS - 1.61 I
: cu = ; 0.000074TS + 0.00878 i
I cd = } 0.000040TS + 0.007 E
i Cr = { 0.00023TS - 0.028 {
: E Hg = i (~5.8x10"6)Ts + 0.015 i

T e iy o W W T T S S S . S Gy . W - . e A0 S e Sl S
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CALTRANS MODEL (Input, Output, and Equations)

INPUT
T ADT, Average Daily Traffic (vehicles / day) |
} R, Rainfall (inches) :
} RD, Rainfall Duration (hours) I
I A, Site Drainage Area (sqgq ft) I
{ K, Runoff Coefficient (default value: X = 0.90) %
OUTPUT
Tf ------ E;:_--E;;;EEEE;;E—E;;;entratio;- (mg / liter) ___—T
I Pp, Constituent Load (grams / storm) ;
I VDS, Vehicles During Storm (vehicles / storm) !
I Pb, Lead Load . (grams / storm) i
I Zn, Zinc Load (grams / storm) %
I FR, Filteraﬁle Residue Load (grams / storm) }
i CcoD, Chemical Oxygen Demand Load (grams / storm) }
I TKN, Total Kjeldahl Nitrogen Load (grams / storm) }
{ NR, Total Nonfilterable Residue Load (grams/storm) 1
I TR, Total Residue Load (grams / storm) I
EQUATIONS
| Pb = 14.3 + 0.00189(vDS)  2n = 11.5 + 0.00064(TR) |
I Zn = 14.3 + 0.00660(VDS) COD = 3600 + 0.214(TR) I
i FR = 5360 + 0.140(VDS) NR = -760 + 0.65(TR) i
I COD = 3590 + 0.221(VDS) VDS = (ADT / 24) * RD 1
% TKN = 150 + 0.00342(VDS) Note: 423.78 is the conversion {
| factor from g/in-sq ft i
| Cp = (423.78 * Pp) / (K * R * A) to mg/liter |
| |

(Units are as indicated in input table)

W T VP S A S AP W A D D S S S S G e e e el S S S S S P A (el A6 S A T S G M Sk Sl S S S S S S S S IR S S S e e Sl S D A S —
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WSDOT MODEL

(Input, Output, and Equations)

INPUT
T ADT,  Average Daily Traffic (vehicles s day) |
I Ai, Impervious Drainage Area (sq ft) ;
- ! Ap, Pervious Drainage Area (sgq ft) I
{ Atot, Total Drainage Area (sg ft) !
I Ki, Runoff Coefficient of Impervious Drainage Area }
i Kp, Runoff Coefficient of Pervious Drainage Area ;
: L, Length (ft) %
I P, TSS Loading Factor i
% R, Rainfall (inches) E
I Rtot, Total Annual Rainfall (inches) E
I D, Duration of Storm Event (hours) I

et L e L L L R e E——

K, Runoff Factor of Total Drainage Area

I l
I Pl1, Constituent Load (1lbs) I
: r, Runoff Volume (cu ft) I
! rtot, Total Annual Runcff Volume (cuft) {
} VDS, Annual Vehicles During Storm (veh during storm / ;
I X, Ratio of Impervious Area to Total Area year) I
i COoD, Chemical Oxygen Demand (lbs) I
v } Ccp, Pollutant Concentration {(mg / liter) i
l SH, Average Annual Storm Hours (hours / year) {
) E Constituents: TSS, Total Suspended Solids (lbs) }
{ Pb, Lead (lbs) TKN, Total Kjeldahl Nitrogen (lbs){
} Zn, Zinc (1lbs) NO,, Nitrite (lbs) I
i Cu, Copper (lbs) NO5, Nitrate (lbs) E
| |

Total Phosphorus (lbs)

D S S S S L S D w—— T W Y S GE S SR S Ga GEA Y Y G YR SIS SV S S SN S S A AN SN S SAA G e e Sk St S e ek S v VU S e v e v
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WSDOT MODEL - EQUATIONS

X = ai / Atot
K=X* (Kp + (Ki ~ Kp))
SH = (20.7 * Rtot) + 158
VDS = ADT / 24 % SH

TSS = VDS * K * P * L * (D / SH)

I
I
I
|
I
I
I
I
I
r = (R/12) * Atot * K |
: |
Cp = (PL / r) * 16,019 [
, I
Default Values: |
I
"Ki = 0.70 P(east Wash) = 26 X 1073 1lbs / mi-vDS |
: |
Kp = 0.45 P(west Wash) = 6.4 X 103 1bs / mi-VDS |
CONSTITUENT EQUATIONS FOR EASTERN WASHINGTON (inland):
COD = 0.4 * TSS
Pb = (5.3 * 1074 + (2.80 * 10™2 % ADT)) * TSS

Zn = (2.0 * 10~4 4+ (3.20 * 10~7 * ADT)) #* TSS

TP = 2,1 % 103 * TSS

I
I
i
|
|
|
|
cu = (7.9 % 1075 + (2.70 * 10~2 * ADT)) #* TSS |
[
;
TKN = 1.2 * 10~3 # T8s |
‘ |

|

]

(NO3 + NO, = 2.0 * 1073 # TS

CONSTITUENT EQUATIONS FOR WESTERN WASHINGION (coastal):
COD = 0.4 * TSS

Pb = (1.5 * 10~4 + (8.70 * 10~8 * ADT)) * TSS

cu = (7.9 * 10”5 + (2.70 * 10=2 % ADT)) * TSS
TP = 2,1 * 10~ % TSS

[
I
|
I
|
Zn = (1.4 * 1074 + (3.00 * 1078 * ADT)) * TSS {
[
I
I
I
TRN = 2,7 * 1073 % TSS I

S —— )

(NO3+ NO, = 2.0 # 1073 # TSS II
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SAMPLE CALCULATIONS =~ FHWA MODEL (Howe Ave Site)

Input:
Site Type I
ADT = 64,500 vehicles / day
R = 0.1 inch
DD = 10 days
RD = 2 hours
HL = 0.80 mile
T = 10 days
A = 202,118 sgq ft
Output:
Q = 0.969R - 0.0187 = 0.969 (0.1 in) - 0.0187 = 0.0782 inches
FD = 1.12RD + 0.69 = 1,12 (2 hrs) + 0.69 = 2.93 hours
K2 =5.0
r=0Q/ FD = 0.0782 in / 2.93 hrs = 0,0267 in / hr
K1 = 0.007 * (ADTO°89b
= 0.007 * (64,500 9-8%) = 133.54 1bs / mi-day
Po =10
P="Po+ (KL #* HL * T)
= 0 + (133.54 1lbs / mi-day * 0.80 mi * 10 days = 1068.32 lbs
PD = P * (1 - e(-K2 * x),
= 1068.32 lbs * (1 - ¢ (=5.0 * 0.0267)) = 333,51 1bse
TS = PD = 133.51 1lbs
TS = PD = (133.51 lbs)*(453.59 grams / 1lb) = 60,559 grams
Cp = (192,222.37 * Pp) / Q * A
= (192,222.37 * 133,51 1lbs) / (0.0782 in * 202,118 sqg ft)
= 12.16 * Pp = 12.16 * 133.51 = 1624 mg / liter
TSS = 0.53T8 - 3.2 = (0.53 * 133.51) - 3.2 = 67.56 lbs
= 30,645 grams
VSS = 0,191TS + 0.2 = (0.191 * 133.51) + 0.2 = 25.70 1bs
= 11,657 grams
TVS = 0.22175 + 13.3 = {(0.221 % 133.51) + 13.3 = 42.81 lbs
= 19,416 grams
TKN = (3.3 X 1073 % TS) + 0.16 = (3.3 x 10~3 * 133.51) + .16
= 0.60 1lbs = 272 grams
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Cp
cp
cp
cp
cp
cp
cp
cp

* 'BOD

TOC
COoD

TN

TPO,

Cl

Pb

Zn

Fe

cu

ca

Cr

Hg

(TsS)

(VSS)
(TVS)
(TKN)
(BOD)

(TOC)

(COD)
(TN)
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0.023TS '+ 1.5

0.057Ts + 0.80

0.00137TS + 0.12

'0.202TS + 5.47

= (0.023 * 133.51) + 1.5

o

0.00107TSs + 0.00030

(0.057 * 133.51) + 0.80

(0
0.

I |

4.57 1bs
2,073 grans

= 8.41 lbs
= 3,815 gr

(0.202 % 133.51) + 5.47
32.44 1lbs = 14,714 grams

.00137 * 133.51) + 0.12 = 0.30
30 1bs = 137 grams

(0.0010 * 133.51) + 0.00030
0.13 lbs = 61 grams

0.034T85 + 2.52 = (0.034 * 133.51) + 2.59 = 7.13 1lbs

0.0056TS8 - 0.024

0.000847T8 + 0.014

0.015T8 + 0.59

0.000297TS + 0.00073

mon

2

0.00029TS - 0.0014

0.00016TSs + 0.0012

(0
0.

(
0

I59

= 3,234 grams

.0056 * 133.51) - 0.024
72 lbs = 328 grams

0.00084 * 133.51) + 0.014
<13 1lbs = 57 grans

(0.015 * 133.51) + 0.59

ibs = 1,176 grams

(0.00029 * 133.51) + 0.00073
0.039 1b = 18 grams

(0.00029 * 133.51) - 0.0014
0.037 1b = 17 granms

(0.00016 * 133.51) + 0.0012
0.023 1b = 10 grams

(=7.6x10~7)TS + 8.8%x10"4 = (~7.6 X 10 ~7 =
133.51) + 8.8 X 104 = 0.00078 1b = 0.35 grams

l12.16 *

12.16
12.16
12.16
12.16
12.16
12.16

12.16

*

L3

Pp
Pp
Pp
Pp
Pp
Pp
Pp
Pp

12.16 * 67.56 = 822 mg / liter

12.16
12.16
12.16

12.16

12.16

12.16

12.16

*

*

*

*

D=2

25.70 = 313 mg / liter
42;81 = 521 mg / liter
0.60 = 7.3 mg / liter
4.57 = 56 mg / liter
8.41 = 102 mg / liter

32.44 = 395 mg / liter

0.30 = 3.6 mg / liter
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Cp
Cp

(TPO,)
(Cl)
(Ph)
(2n)
(Fe)
(Cu)
(Cd)
(Cr)

(Hg)
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12.16
12.16
12.16
l2.16
12.16
12.16
12.16
12.16

12.16

Pp
Pp
Pp
Pp
Pp
Pp
Pp
Pp
Pp

12.16
12.16
12.16
12.16
12.16
12.16

12.16

- 12.16

12.16

0.039

0.037

0.023 =

0.00078

1.6 mg / liter
87 mg / liter
8.8 mg / liter
1.6 mg / liter
32 mg / liter
0.48 mg / liter
0.45 mg / liter
0.28 mg / liter

= 0,0095 mg / liter |
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| SAMPLE CALCULATIONS - CALTRANS MODEL (Howe Ave Site)

Input:.

ADT = 64,500 vehicles / day

R = 0.1 inch

RD = 2 hours

A = 202,118 sq ft

X = 0.90

Output:

VDS = (ADT / 24) * RD = (64,500 / 24) * 2 hrs = 5375 veh / storm
Pb = 14.3 4+ 0.00189 (VDS) = 14.3 + 0.00189 (5375 veh) = 24.46 ¢
Zn = 14.3 + 0.00060 (VDS) = 14.3 + 0.00060 (5375 veh) = 17.52 g
FR = 5360 + 0.140 (VDS) = 5360 + 0.140 (5375 veh) = 6,112.50 g

COD = 3590 + 0.221 (VDS) = 3590 + 0.221 (5375 veh) = 4,777.88 g

TKN = 150 + 0.00342 (VDS) = 150 + 0.00342 (5375 veh) = 168.38 g
Zn = 11.5 + 0.00064 (TR} ===> 17.52 = 11.5 + 0.00064 (TR)

n -=~> TR = 9,406.25
COD = 3600 + 0.214 (TR) =-=> 4,777.88 = 3600 + 0.214 (TR)
~==> TR = 5,504.11
TR = (9,406.25 + 5,504.11) / 2 = 7,455,18 g
NR = =760 + 0.65 (TR) = =760 + 0.65 (7,455.18 g) = 4085.87 g
Cp = (423.78 * Pp) / (K * R * A)
= (423.78 * Pp) / (0.%90 % 0.1 * 202,118) = 0.0232966 * Pp
Cp (TR) = 0.0232966 * 7,455,18 = 173.68 mg / liter
Cp (NR} = 0.0232966 * 4,085.87 = 95,19 mg / liter
Cp (FR) = 0.0232966 * 6,112.50 = 142.40 mg / liter
Cp (Pb) = 0.0232966 * 24.46 = 0.569 mg / liter
Cp (Zn) = 0.0232966 % 17.52 = 0.408 mg / liter
Cp (COD) = 0.0232966 % 4,777.88 = 111.308 mg / liter
Cp (TKN) = 0.0232966 * 168.38 = 3.923 mg / liter
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SAMPLE CALCULATIONS ~ WSDOT (Howe Ave Site)
Input:
Site: Howe Avenue ADT: 64,500 vehicles / day
Type: inland Ls 4210 ft or 0.80 mile
Al: 202,118 sgq ft Ki: 0.70
Ap 0 sq £t Kp: 0.45
. Atot: 202,118 sqg ft :t 26 X 1073
Rtot: 17.87 : 2 hours
QOutput:
X = Ai / Atot = 202,118 sq ft / 202,118 sqgq ft = 1
K = X* (Kp+ (Ki - Kp)) =1 % (0.45 + (0.70 = 0.45)) = 0.70
SH = (20.7 * Rtot) + 158 = (20.7 * 17.87 in) + 158
= 528 wet hours / year
VDS = (ADT / 24) * SH = (64,500 veh/day / 24) * 528 hrs/yr
= 1,419,000 veh/year (during storm hrs)
TSS = VDS * K * P * L % D / SH
= (1,419,000 veh/yr * 0.70 * 26 X 10~3 lbs/mi-VDS #
0.80 mi *# 2 hrs) / (528 hrs/yr)
= 78,26 lbs = 35,498 grams
r = R * Atzot * X = (0.1 inch / 12) * 202,118 sqgft * 0.70
= 1179 cuft
COD = 0.4 * TSS = 0.4 * 78.26 lbs = 31.30 lbs = 14,199 grams
Pb = (5.3 X 10”4 + (2.80 X 10~2 % ADT)) * TSS
= (5.3 X 1074 + (2.80 X 10-9 * 64,500)) * 78.26
= 0.056 lbs = 25 grams
Zn = (2.0 X 10”4 + (3.20 X 10”7 * ADT)) * TSS
= (2.0 X 1074 + (3.20 X 10~7 * 64,500)) * 78.26
= 1.63 lbs = 740 grams
* cu = (7.9 X 1072 + (2.70 X 1079 * ADT)) * TSS
= (7.9 X 1075 + (2.70 X 1079 * 64,500)) * 78.26
= 0.020 1lbs = 9.0 grams
TP = 2,1 X 1073 % 78S = 2.1 X 10™3 * 78.26
= 0.16 1lb = 75 grams
TRN = 1.2 X 1073 #* PSS = 1.2 X 10~3 % 78.26
= 0.094 1b = 43 grams
NO3 + NOp - N 2.0 X 1073 % TSS = 2.0 X 1073 * 78.26

ClibhPDF -

www . fastio.com

0.16 1b = 71 grams

D=5
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'“”cﬁ
Cp
Cp
Cp
Cp
Cp
Cp
Ccp
Cp

(TSS)
(coD)
(Pb)
(2Zn)
(cu)
(ze)

(TKN)
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13.5%9

13.59

13.58

13.59

13.5¢9

13.5¢9

13.59

te1) = (PL / 1)

*

*

*

*

%*

*

*

(NO3 + NO,- N)

]

* 16,019 = (Pl / 1179) * 16,019
78.26 1lbs = 1063 mg / liter

31.30 1lbs = 425 mg / liter

0.056 1b 0.76 mg / liter
1.63 lbs = 22 mg / liter

0.020 1b

0.27 mg / liter
0.16 1b = 2.2 mg / liter
0.094 1b = 1.3 ng / liter

= 13.59 * Pl

13.59 % 0.16 lbs = 2.2 mg / liter
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